A method based on Landolt photometry in B and V is developed to correct for a wavelength independent o set of the absolute ux level of optical spectrophotometric standards. The method is based on synthetic photometry techniques in B and V and is accurate to 1. The correction method is veri ed by Hubble Space Telescope HST Faint Object Spectrograph FOS absolute uxes for 5 calibration stars, which agree with Landolt photometry to 0.5 in B and V.
INTRODUCTION
The calibration of the Hubble Space Telescope HST instrumentation in the optical wavelength region from 3200-9200 A is based largely on the spectrophotometry of Oke 1990 , who quotes an internal uncertainty o f 3. Oke also recommends making all his published uxes fainter by 0.04 mag. Calibration observations with the Faint Object Spectrograph FOS on HST demonstrated that the Oke spectrophotometry for BD+33D2642 has a systematic internal error of 5 with respect to four of the other Oke standards.
Photometry in B and V for 28 of the 30 Oke standard stars is available from Landolt private comm., who quotes uncertainties of 0.004 mag with respect to his photometric system. Since the Landolt uncertainties are smaller than those of Oke, the possibility arises of using the photometry to adjust the absolute scale of spectrophotometry in order to reduce the uncertainty in the absolute ux of the standards and consequent HST calibrations.
The accuracy of the Landolt photometry is veri ed by nal calibrated FOS uxes for ve O k e standard stars.
The following sections detail the steps that are required to achieve these results. Section 2 describes the Oke and Landolt data. In section 3, the fundamental absolute ux distribution and Johnson B and V for Vega are presented along with the B and V for Vega in the original Landolt 1973 system. In section 4, the synthetic photometry on the more recent Landolt 1992 system for the Oke spectrophotometry is derived, since the throughput as a function of wavelength is well known. After corrections of the new Landolt photometry back to his original 1973 system, the Oke synthetic magnitudes are compared with actual Landolt photometry. The average of the B and V corrections is applied to the overall level of the Oke data for each star, separately. The rms di erence of 0.012 mag between the separate B and V corrections is an indication of the expected accuracy of the corrected Oke spectrophotometry.
Checks of the results are in section 5, where the Landolt photometry is compared to a model of a pure hydrogen white dwarf. FOS photometry is also compared with the Landolt data for ve HST FOS calibration stars.
SPECTROPHOTOMETRY AND PHOTOMETRY OF THE STANDARDS
The sample of faint standards used in this study are from Oke 1990 and cover the 3200-9200 A spectral range. The broad band photometry is from Arlo Landolt and is mostly unpublished.
Oke's optical spectrophotometry
The complete sample consists of thirty faint spectrophotometric standards for which there are Oke's spectra over the 3200-9200 A spectral range. SW Oke 1990 . A third one, NGC 7293, is a planetary nebulae see Plate 56 in Turnshek et al. 1990 , These peculiarities might a ect the spectroscopic and or photometric measurements and could decrease the accuracy of the corrections obtained for these stars.
Landolt's broad-band photometry
Broad-band photometry has been carried out by Landolt private comm. for all of Oke's spectrophotometric standards, except HD93521 and BD+25 0 4655. The observations were mostly done at KPNO, while a few of the standards were observed from CTIO.
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Typical observations were done with a diaphragm aperture of 14 00 . Landolt reports onesigma uncertainties of a few millimag in both visual magnitude and B-V color, except for G24-9 where he quotes 0.012 magnitude. CCD images of the eld around G24-9 shows a faint companion at just about the right distance to sometimes be in the photometer's diaphragm, and sometimes just outside, which m a y explain the variations evidenced in the rms error above Landolt, private comm.. 
LANDOLT'S PHOTOMETRIC SYSTEM
The use of synthetic photometry to establish absolute uxes requires accurate characterization of the throughput and zero point of the photometer, i.e. a the lter band-pass, and the photomultiplier sensitivity curve of the photometer, b the broad-band magnitudes of a primary standard in the speci c photometric system, and c the absolute calibrated spectrum of the primary standard over the entire spectral region of interest. Consequently, in the following sections the reconstruction of the lter plus photomultiplier set-up and the choice of Vega as the primary standard are explained.
Filter and photomultiplier transmission curves
To simulate the photometer set-up for the CTIO observations, the B and V bandpass and RCA31034A sensitivity curve are obtained from Tables 6, 7 , and 11 of Landolt 1992, respectively. F or the KPNO photometer con guration, information on the lter transmissions is provided by A. Landolt private comm., while the sensitivity curve of the speci c RCA31034A photomultiplier is not known. CTIO's RCA31034A photomultiplier sensitivity curve has been used, instead. This choice is appropriate, since the average shape of several RCA 31034A photomultipliers agrees with that of CTIO see discussion in Landolt 1992.
The characteristics of Landolt's KPNO and CTIO lters and their comparison with Johnson can be found in Table 1 . The pivot wavelength p is a source independent wavelength that allows an exact conversion between the broadband ux densities f and f , while o is the more traditional mean wavelength see Koornneef et al. 1985 for the exact de nitions of these parameters. The e ective w a v elengths eff for Vega and G191B2B, and the mean ux for Vega integrated over the bandpass are also indicated in Table 1 . The corresponding parameters for Johnson's lters were obtained using Buser & Kurucz 1978 response functions.
Values for the lter transmission curves and the photomultiplier sensitivity curve are listed every 10 A and 100 A, respectively. The photomultiplier sensitivity curve i s i n terpolated every 10 Aat the wavelengths of the lter curve to produce the nal KPNO and CTIO photometer sensitivity curve.
The spectrum of Vega
Over the past twenty y ears, there have been several spectrophotometric measurements of Vega Oke & S c hild 1970; Hayes & Latham 1975; T ug, White & Lockwood 1977; Hayes 1985 and references as well as detailed theoretical models Schild, Peterson & Oke 1971; Kurucz 1979; Dreiling & Bell 1980; Castelli & Kurucz 1994 . Theoretical ts to the observed spectrum experience di culties in modeling the continuum shape around the Balmer jump and in reproducing the equivalent widths of the Balmer absorption lines Lange & Wing 1979 , Dreiling & Bell 1980 Castelli & Kurucz 1994. Thus, the empirical spectrum obtained by H a y es 1985 will be adopted as the absolute ux distribution of Vega. This spectrum is the weighted mean of ve di erent spectra obtained by several authors with di erent telescopes at di erent observatories. The adopted spectrum covers the entire 3300 -10500 A spectral range with a uniform step of 25 A , while the absolute ux at 5000 A is 4.65 10 ,9 erg s ,1 cm ,2 A ,1 .
3.3 Vega's magnitudes and zero p oints of the system Vega is too bright for Landolt's telescope and photometer combination. However, Vega's magnitudes can be transferred from the original Johnson's into Landolt's original system, which use a 1P21 photomultiplier.
The Our synthetic photometry does not take i n to account the e ect of the transmission of the optical system over the broad bandpass of the lters. No reliable information was available for the CTIO and KPNO telescopes used during the observations. However, simulations using the Hubble Space Telescope optical transmission have been performed for stars covering a color range between ,0.33 and +0.69 in B-V. Changes in the B and V magnitudes about 0.001 mag, or smaller, are measured. Also, linear changes of factors of up to 0.6 in the lter plus photomultiplier throughput over the 3000 A range covered by the B and V lters, produce changes up to 0.016 mag in B and V for the hottest and coolest Oke standards. For a star with the colors of Vega, no di erences arise in the synthetic photometry, because the zero point of B and V is determined by the Vega spectrum. Therefore, for typical throughput uncertainties of 5 over the lter bandpass, the photometric uncertainty is of the order of a few millimagnitudes. Finally, no atmospheric extinction e ects are required, since the Landolt magnitudes are reduced to zero airmass. A last e ect has to be considered in order to generate the nal synthesised magnitudes B S and V S prior to comparison with the observations of B and V. The original Landolt 1973 photometry uses a 1P21 photomultiplier, while the most recent CTIO and KPNO observations are done with an RCA photomultiplier. As a consequence of this di erent setup, a color correction is required to convert the new KPNO and CTIO RCA observations Landolt 1983 Landolt , 1992 to the original Landolt 1P21 system 1973. Consequently, to obtain the nal synthesised magnitudes V S and B S , the magnitudes obtained from equation 1 V o and B o must be corrected for this e ect in the same way that Landolt has converted his RCA data to the original 1P21 scale. The empirical Landolt's magnitudes can then be directly compared against B S and V S . The nal synthesised magnitudes V S and B S are compared with Landolt's photometry Landolt, private comm. in Table 2 . The mean at the bottom of column 6 in Table 2 demonstrates that Oke's original spectrophotometry is too bright b y 0.03 magnitudes in the mean. This value is close to the 0.04 mag quoted by O k e 1990 based on the comparison of his results with a few IUE uxes near 3200 A and with Stone's spectrophotometric standards. Also, no statistically signi cant di erence exist between the average corrections in columns 4 & 5 o f T able 2, which are obtained from the V and B measurements, independently. This average correction is based on the average of 28 standards covering a luminosity range of 6 magnitudes.
However Table 2 where 4B,V represents the quantity B S , B , V S , V. The rms scatter of 0.023 mag in 4B,V or of 0.54B,V= 0.012 mag in the deviation from the adopted average B and V corrections is the best one-sigma estimate of the uncertainty of our correction for each star. For example, the worst case G138-3 has a 3 di erence between the B and V corrections.
ACCURACY OF THE ABSOLUTE FLUX CORRECTIONS
Two di erent tests have been performed to check the accuracy of the correction procedure outlined in previous sections: a a comparison of the corrected white dwarf G191B2B spectrophotometry against a pure hydrogen theoretical model, b a comparison of the HST FOS spectra for the ve F OS primary calibration standards with the Landolt photometry.
G191B2B's corrected s p e ctrum versus model
Oke's original spectrum of the white dwarf G191B2B is too bright b y 0.049 magnitudes, according to our calculations see Table 2 . The corrected G191B2B spectrum is obtained by decreasing the ux of the original Oke's spectrum by a factor of 1.0462 i.e corresponding to 0.049 magnitudes fainter over the entire 3200-9200 A spectral range covered by O k e's observations. The theoretical model by Dr. Finley is for a pure hydrogen white dwarf with a temperature of 60000 K and a gravity of log g= 7.50 and is normalized to an isophotal ux F5490 = 3.61 10 ,9 erg s ,1 cm ,2 A ,1 for V= 0 Finley, private comm.. To make the comparison between the empirical and theoretical spectra consistent, the spectrum provided by Dr. Finley has to be tied to Landolt's system following the steps explained in section x4.
The comparison of the synthesised magnitudes of the G191B2B model against Landolt's magnitudes, indicates that the theoretical spectrum is fainter by +0.003 and +0.007 magnitudes in B and V, respectively. The absolute ux of the model spectrum is increased by the o set measured in V, i.e by 1.00647. The reason for normalizing to V only is that the B lter covers Balmer lines which are more di cult to model precisely than the continuum.
The spectrophotometric comparison between the corrected Oke's G191B2B spectrum and normalized Finley's model shows an agreement at the 3 and 1 level over the spectral regions 3200-3850 A and 3900-8000 A, respectively. The somewhat worse agreement between the empirical and model spectra in the 3200-3850 A range could re ect the observational uncertainties in this spectral region, as well as the di culties of the theoretical modeling of the Balmer decrement and jump.
Consistency of FOS spectrophotometry
One more check of the Landolt photometry is provided by the synthetic B and V magnitudes and o sets of the HST FOS primary standards G191B2B, BD+28 0 4211, BD+33 0 2642, BD+75 0 325, and HZ44 in Table 3 . Several FOS spectra are averaged for these stars Lindler & Bohlin 1994 for an FOS calibration that is based on our corrected Oke uxes for the 5 reference stars. Three main facts can be derived from these results: 1 the FOS spectra are brighter than the Landolt photometry by only 0.4, in the mean; 2 the dispersion of only 0.005 mag between the FOS and Landolt photometry indicates that these 5 average FOS spectra are photometric to 0.5, and 3 there is a systematic color e ect in the sense that the o sets derived from the V S , V and B S , B di er by 0.010 magnitudes in the mean.
The 0.010 mag is not statistically signi cant to our corrected Oke data, which has 1.1
uncertainty, e v en though the result is an average for ve stars. In terms of the 0.005 mag photometric accuracy of the FOS, the 0.01 sytematic color di erence is signi cant Bohlin 1994, in preparation but should not be applied to corrected Oke spectrophotometry.
SUMMARY
A general method to calculate systematic o sets on the overall absolute ux level of any sample of faint spectrophotometric standards with precise relative ux as a function of wavelength has been presented. The method, based on synthetic photometry techniques and broad-band photometry, has been applied successfully to correct Oke 1990 faint spectrophotometric standards.
Oke's spectra are too bright b y 0.029 magnitudes in the mean at B and V. There is no di erence at the 0.004 level in the mean o set obtained from the V and B magnitudes, independently.
The rms scatter in the separate B and V measurements of 0.012 mag around the mean o set is the best estimate of the uncertainty of our procedure for any individual star. For example, BD+33 0 2642 needs a correction of 8 which is uncertain by only 1.1, one-sigma.
New spectra for each individual star have been obtained by decreasing or increasing Oke's original ux by the amount i n T able 2. The rms uncertainty in the absolute ux of the corrected Oke standards is of 1.1 ove r t h e B & V s p ectral range.
Digital spectra with the correction described here and the UV corrections of There is no Landolt's photometry for these stars. The tabulated correction correspond to the average value obtained for the rest of the sample. A plus sign in the correction means that the published Oke uxes should be increased. 
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